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Abstract: 
Cordyceps or "Dong chong xia chao" has long been used as a traditional Chinese 
medicine. It was used for treating lung and kidney related diseases as it is believed to 
provide lung protection and kidney improvement. 
With an increased interest on Traditional Chinese Medicine (TCM) modernization, 
Cordyceps is becoming attractive in its mentioned biological functions: provides lung 
protection and kidney improvement. Previous studies have focused on the isolation 
and characterization of the biologically active ingredients and identifications of their 
biological and therapeutic functions. 
Recent researches have demonstrated the biological and therapeutic activities of 
Cordyceps such as its recovery functions in respiratory system, renal system, hepatic 
system, cardiovascular system, endocrine and steroid system, immune system, 
nervous system; anti-cancer, anti-oxidation, immunomodulation; control over blood 
glucose level and lipid metabolism (Zhu et al.，1998a; Zhu et al., 1998b; Wang and 
Shiao, 2000). 
Adenosine and cordycepin were considered as the biomarkers of Cordyceps long 
time ago (Zheng et a l , 1997). Both of them have been widely discussed to possess 
anti-tumor activity. Studies of anti-proliferating activities of adenosine and 
cordycepin were performed in the human cancerous cells: a hepatocellular carcinoma 
cell line (HepG2), an angiomylipoma cell line (SVTtert) and a normal foreskin 
fibroblast (Hs68) as a control. Both adenosine and cordycepin exhibited an inhibitory 
effect in HepG2 and SVTtert cell lines. However, adenosine was only effective at a 
high concentration. Adenosine did not possess any cytotoxic effect to Hs68 cell line. 
On the other hand, cordycepin could effectively inhibit HepG2 and SVTtert and 
propose a slight cytotoxic effect to Hs68 cell line. 
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Proteomics studies were performed to analyze the change of protein expressions in 
the control and treated cell lines. Adenosine and cordycepin were used to treat 
HepG2, SVTtert and Hs68 in order to investigate the effects of adenosine and 
cordycepin on protein expression within these models. The overall effects of 
adenosine and cordycepin on HepG2 and SVTtert were related to the decrease in 
energy metabolism, weaken the cell defense system and inhibit the proliferation of 
the cancer cells. These changes might correlate the proteins involved in controlling 
the proliferations of cancer cells. This might be useful for discovering the proteins 
or even the protein clusters involved in the pathways for the correlative development 
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1. Introduction: 
Cordyceps or "Dong chong xia chao" has long been used as a traditional Chinese 
medicine a nd t onic f ood. It i s a p arasitic f ungus w hich d erives t he n utrients f rom 
several species of catepillar to form mycelia in winter. The mycelia are stored in the 
bodies of caterpillar and the fruit bodies are grown from the head of the catepillar in 
summer. 
Cordyceps is becoming more attractive in its tonic functions of nourishing lungs and 
kidneys. The isolations, characterizationsand identifications of the bioactive related 
to their biological and pharmacological effects are arousing the interests of the 
scientists. Various active ingredients of Cordyceps were discovered to have 
pharmalogical functions. Among these active ingredients, adenosine and cordycepin 
were considered as the biomarkers of Cordyceps (Zheng et al., 1997) long time ago. 
They have been widely discussed to propose anti-tumor activity. Studies of 
anti-proliferating activities of adenosine and cordycepin were performed in the 
human cancerous cells: a hetapocellular carcinoma cell line (HepG2), an 
angiomylipoma cell line (SVTtert) with a normal foreskin fibroblast (Hs68) as a 
control. The hetapocellular carcinoma cell line (HepG2) and the angiomylipoma cell 
line (SVTtert) were chosen as the models of investigation as Cordyceps was 
considered to be a tonic food which could improve the lung and kidney functions. 
Interests in the actions of adenosine and cordycepin in the corresponding cell lines 
were studied by applying proteinics as a new approach of studies. Proteomic studies 
can help to investigate the alterations of protein expressions in order to elucidate a 
molecular basis of the metabolism of adenosine and cordycepin related to the 
proliferation of the cancer cell lines. 
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2. Literature review: 
2.1 Introduction of Cordyceps 
Cordyceps or "Dong chong xia chao" has long been used as a traditional 
Chinese medicine and tonic food. It is a fungus and parasitic, infecting 
several species of caterpillar and deriving the nutrients to form mycelia. In 
winter, the mycelium is stored in the body of caterpillar but in summer, the 
fruit body is grown from the head of the caterpillar. 
Cordyceps have long been used as a choice for treating lung and kidney 
related syndromes as it provides lung protection and kidney improvement. 
The theory behind is well elaborated: kidneys are the main organs for 
storage of "Jing" which is related to growth to maturity and decline to old. 
Therefore, dysfunctions of kidneys will result in reproductive problems 
and developmental disorders. Breathing also requires the assistance of 
kidneys. In the view ofTCM, inhalation or "grasping the Qi", requires both 
kidneys and lungs. Kidneys are root of Qi and lungs are foundation of Qi. 
Disharmony in either lungs or kidneys can lead to respiratory diseases like 
cough and asthma (Zhu et al.，1998a). 
With an increase in interest of TCM modernization, Cordyceps is 
becoming attractive in its long claimed biological functions: provides lung 
protection and kidney improvement. Many studies have been focused into 
the isolation and characterization of the bioactive ingredients and 
identifications of their biological and pharmacological effects. 
Recent studies of Cordyceps’ especially its wild form Cordyceps sinensis, 
has been performed to demonstrate its biological and pharmacological 
2 
activities such as its functions in respiratory system, renal system, hepatic 
system, cardiovascular system, endocrine and steroid system, immune 
system, nervous system; anti-cancer, anti-oxidation, immimomodulation; 
control over the blood glucose and lipid metabolism (Zhu et al., 1998a; 
Zhu et al., 1998b; Wang and Shiao, 2000). Throughout the years of 
pharmacological studies, various bioactive ingredients have been identified 
from Cordyceps sinensis (CS) and its cultivated flingal mycelium, 
Paecilomyces hepiali (Cs-4). They include polysaccharides, nucleosides, 
sterols, proteins, fatty acids, inorganic acids and vitamins (Table 1.1). 
Among these active ingredients, adenosine and cordycepin are considered 
as the biomarkers of Cordyceps (Zheng et al., 1997). Cs-4, with similar 
biological active ingredients as natural Cordyceps sinensis was intensively 
studied. 
2.2 Pharmacological functions of Cordyceps 
Many studies have been performed for investigations of pharmacological activities 
(Table 1.2). 
2.2.1 Functions in respiratory system 
Cs-4 was confirmed in the clinical observation its expectorant, antitussive 
and antathematic effects. Tracheal secretion was increased by 83% in rats 
after 2 hours of the treatment with Cs-4 extracts (6g/kg, i.g.). This was 
found similar to the effects of natural Cordyceps, improving the secretion 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the tracheal secretion, another model describing the effect of Cordyceps in 
phenol red-administrated mice. Dye secretion was increased through the 
tracheal mucosa after treatment of natural Cordyceps (3.1g/kg, p.o.) when 
compared to the placebo controls (p< 0.05) (Wang and Zhao, 1987). 
2.2.2 Functions in renal system 
Recent studies reported the protective effect of CS induced by 
nephrotoxicity of cyclosporin A (CsA-Nx) in rats. Constitutive treatment of 
15 days with CsA induced necrosis and prominent vacuolation in proximal 
tubular cells and mitochondria swelling and interstitial edema. CS offered a 
protection for kidney over the damage of CsA-Nx as it lessened the effect 
of CsA in shrinking the epithelial cells area of tubules and glomeruli (Zhao 
and Li, 1993). CS also helped to ameliorate the cyclosporin A induced 
nephrotoxicity in the kidney-transplanted recipients (Xu et al.，1995). Data 
showed the increase in IL-2 production and mitogenic effect on spleen 
lymophocytes of the chronic renal failure (CRF) rats after CS treatment 
(Cheng, 1992). 
In addition, many studies reported the effectiveness of CS in reducing the 
nephrotoxicity caused by aminoglycoside in rats. CS administration could 
reduce the blood urea nitrogen, serum creatinine and excess sodium 
excretion and urinary nephro-aminoglycosidase induced by 
gentamycin-induced nephrotoxicity (Li et al., 1996). Similarly, CS could 
help to recover the renal oxygen consumption, sodium absorption and 
insulin clearance in the isolated perfused kidney of the intoxicated rats. 
Possible mechanisms of the CS treatment to aminoglycoside-induced 
7 
nephrotoxicity were deduced to protect sodium pump activity of tubular 
cells, attenuate the tubular cell lysosome hyperfUnction (by the stimulation 
of phagocytosis of aminoglycoside), accelerate tubular cell regeneration, 
decrease lipid peroxidation and reduce Ca"^ (Zhen et al.，1992). Studies of 
aminoglycoside-induced acute renal failure (ARF) in rats demonstrated 
that simultaneous administration of CS and gentamycin protected the rats 
from suffering proximal tubular cell gentamycin-toxicity. In the kanamycin 
induced ARF, CS would probably protect tubular cell sodium pump activity, 
attenuate the tubular cell lysosome overfunction and reduce the lipid 
peroxidation in the tubular cell. The application of CS had been observed 
in the elderly patients to offer the protection from the aminoglycoside 
nephrotoxicity as it reduced the amount of urinary 
nephro-aminoglycosidase and p-microglobulin (Bao et al., 1994). 
Immunoglobulin A nephropathy (IgAN) could accumulate nephritogenic 
IgA immune complexes (IgAIC) which would stimulate resting mesangial 
cells to release the cytokines and growth factors leading to glomerular 
injury. With the use of active fractions CS (CS-Hl-A), activated human 
mesangial cell proliferation was inhibited and IgAN was alleviated (Lin et 
al., 1999). 
2.2.3 Functions in hepatic system 
Several studies described the functions of CS related to hepatic system. 
Water extracts of CS could activate the Kupffer cell function in rats. The 
CS could stimulate IL-1, IFN and TNF by Kupffer cells. This result might 
be correlated to the anti-metastatic action of CS (Liu et al., 1996). CS 
8 
could also increase the SOD and glutathione peroxidase in the mice livers 
so that it could prevent the production of lipid hydroperoxides (Liu et al., 
1991). 
Studies also demonstrated the effects of Cordyceps hyphae (CH) in 
modulating the immune functions of post-hepatitic cirrhosis patients. CH 
could restrain the cellular immune hyperfunctions by lowering the 
functions of natural killer cells, CD4+ and CD8+ cells and lymophocytes 
transformation to improv.e the levels of IgG，IgA, ssIgA and CIC levels. 
Short-term curative effect of chronic hepatitis B (HBV) was found in 
cultured mycelia of CS (Zhou et al., 1990). Data had shown the 
improvement in liver functions such as raising plasma albumin, resisting 
high-y globulin, promoting of the negative transfer HbsAg，adjusting the 
body immuno-competence and lowering the increased levels of serum 
laminin and hyaluronic acid (Liu et al., 1996). 
Apart from exhibiting the protective effects, CS could improve the hepatic 
energy metabolism in mice with dietary hypoferric anemia. Findings had 
displayed the effects of CS extract in relaxing the contractions in liver 
blood vessel system and increasing the hepatic b lood flow that could be 
resulted in increase in the ATP levels in liver. This might contribute to the 
increase in the recovery rate of liver in the patients with anemia (Manabe et 
al., 1996). 
2.2.4 Functions in cardiovascular system 
The effect of arrhythmias in rats induced by aconitine or BaClz was 
counteracted by a methanol extract of CS. The tolerance dosage of ouabain 
9 
to induce arrhythmias was elevated in guinea pigs after administrated with 
the CS extract. This finding revealed Cs could decrease the contractility of 
isolated papillary muscle or atria of guinea pigs and could reduce the heart 
rate of anesthetic rats (Mei et al , 1989). Inhibition of thrombosis formation 
in the abdominal aorta in rabbits was observed from the ethanolic extract 
of CS (CsB-851) as CsB-851 reduced the number of ^^Cr labeled platelets 
in the injured abdominal aorta. This effect might be implied the correlation 
of arterial thrombus formation and inhibition of platelet numbers (Zhao, 
1991). 
The active ingredients from mycelia and fruiting bodies of CS, adenosine, 
5'-AMP and nucleic acid-related compounds were expected to have mild 
hypotensive effect and inhibited platelet aggregation. The vasodilating 
effect of cultured CS mycelia was reported in the anesthetized dogs. Hot 
water extract of CS exhibited an inhibition of the twitch response in ileum 
of guinea pigs and platelet aggregation (Feng et al., 1987; Ikumoto et al , 
1991). Others also demonstrated the hypotensive activity of water extracts 
of CS (>3500 Dalton) in a dose-dependent manner in the Sprague-Dawley 
rats. The extent of decrease in mean arterial pressure was more extensive 
and significant than adenosine (Chiou et al., 2000) 
2.2.5 Functions in endocrine and steroid system 
Although there was no strong and direct evidence to relate the metabolites 
of CS to the endocrine and steroid system, studies had suspected some 
correlation about the stimulation of corticosteriod production. Possible 
10 
mechanisms had been deduced the direct action of CS on adrenal glands or 
indirect action through hypothalamus-pituitary route. 
CS was proved to activate the cAMP-protein kinase A signal transduction 
pathway to regulate mouse Leydig cell testosterone production (Hsu et al , 
2003). CS could increase the corticosterone production from renal cells 
and decrease the amount of lipid droplets within the renal cells. This was 
probably related to the steroidogenesis and capsular morphology of the 
lipid droplets in the cultured rat adrenocortical cells. The duration needed 
for decapsulation was inversely related to CS in a dose dependent manner. 
In this study, the CS-induced steroidogenesis was different from that 
induced the elevated level of c-AMP. Thereby, it suggested the CS-induced 
steroidogenesis might be related to protein kinase C pathway (Wang et al., 
1998). 
2.2,6 Functions in the immune system 
CS exhibited both the immunosuppressive and immuno-stimulating effects. 
Although it was discovered that the low molecular weight methanolic 
extract of CS could lead to a lymphoproliferative response in tumor 
necrosis factor-a (TFN-a), natural killer (NK) cell activities and 
phytohemagglutinin (PHA)-stimulated IL-2 in the human mononuclear 
cells (HMNC). Examinations of two fractions (CS-36-39 and CS-48-51) of 
CS revealed that both fractions, involved in blocking the activation 
pathway in HMNC cells, might be ergols or related compounds. Another 
example to elucidate the immunosuppressive effect of CS (CS-1) was 
found in the heterotopic heart allograft model in rats. CS-1 could prolong 
11 
the allograft survival in rats that was similar to the function provided by 
other immunosuppressive agent, cyclosporin A and glucocorticoid (Zhang 
and Xia, 1991). CS could also improve the survival rate of an autoimmune 
disease, system lupus erythematosus (SLE) as it could inhibit the 
production of anti-ds DNA antibody and improve the defective IL-2 
production in SLE mice (NZB/NZW Fl) (Chen et al., 1993). Other studies 
of the immune reactions of cultured CS (Bei Lin Capsule) revealed the 
inhibitory effect in mice in a dose-dependent manner such as the mitogenic 
response of spleen lymophocyte to cyclosporine A; mixed lymophocyte 
culture and LPS-induced IL-1 release of macrophage; phagocyte function 
of peripheral blood leucocytes. CS was also prolonged the survival rate of 
the mice spleen lymphocytes (Zhu and Yu，1990). Another C. pruinosa 
methanol extract (CPME) demonstrated similar effect in inhibiting the 
production of nitric oxide (NO), prostaglandins (PEG2), IL-ip and TNF-a 
which are responsible for immune response to various inflammatory 
stimuli. All of these cytokines were expressed when NF-Kp was activated. 
Thus, CPME was suspected to be one of the potential drugs that could 
inhibit the production of inflammatory mediators through suppressing the 
expression of NF-KP to prevent inflammatory diseases. The characteristics 
of the active ingredients involved in the anti-inflammatory pathway of 
CPME were needed further studies (Kim et a l , 2003). Similar experiment 
also demonstrated the fraction from methanol extract of CS (CS-19-22) 
reduced the production of IL-IB, IL-6, 11-8，IL-10, and TNP-a in the LPS 
activated broncholalveolar lavage fluid (BALF) cell cultures but did not 
affect the mRNA expressions of IL-IB, IL-6, 11-8 and TNF-a except a 
decrease in mRNA expression in IL-10. On the other hand, CS-19-22 
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enhanced both the production and mRNA expressions of IL-12 and IFN-y 
Prediction was made from the therapeutic activities of CS-19-22 in 
modulation of THi and TH2 immune responses and by comparing the 
structure of CS-19-22 with the standard, the active components involved 
might be related to sterol compounds (Kuo et al., 2001). 
Apart from acting as an immunosuppressive agent, CS could act as an 
immuno-stimulating agent. Extracts of CS (CSE) was reported to enhance 
the immune activities in C57BL/6 mice with implantation of syngeneic 
EL-4 lymophoma cells. CSE could lead to a reduction of the tumor size 
and prolong the survival time of the host. Moreover, CSE could augment 
the antibody responses and macrophages as seen from its action to against 
plaque-forming cells. In the other view, CSE helped to restore the 
phagocytic activity of macrophages in the tumor bearing mice which were 
decreased by cyclophosphamide treatment within 5 days. Additional 
studies confirmed the action of CS on the murine immune organs. It 
accelerated the recovery of the gamma-ray irradiation in the murine 
immune organs through mediation of the host immune system (Chen, 1983; 
Chen, 1985; Zhang, 1985). Various studies reported the functions of CS 
acted as an immuno-stimulating agent. The ethanol extract of CS (CS-II) 
was shown to induce a stimulatory effect in the augment of natural killer 
cells (NK) activities in vivo and in vitro. Inhibition of NK activity in mouse 
by cyclophosphamide was overcome by the administration of CS-II. 
Besides, it could elevate the NK activity in the peripheral blood 
mononuclear cell (PMCs) by pre-incubation the PMCs with CS-II (Xu et 
al.，1992). Crystal form of crude CS (Cs-Cr) was reported to cause a 
significant elevation in number .in T helper cells and Lyt-1 and Lyt-2 (the 
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ration of T helper to T suppressor cell) detected from the peripheral blood 
and treated mouse spleen. An increase in number of large lymphocytes was 
observed that might represent an increase in NK cells. With the weight of 
the spleen increase, increase in blood flow; proliferation of T lymphocytes 
and macrophage; increase in IL-2 quantities were also detected. Moreover, 
in the same study, Cs-Cr was capable in protecting the T helper cells from 
the immunosuppressive agents of prednisolone acetate and cyclophoamide 
(Chen et al•，1991). Investigation was performed to study the potential of 
CS on a declined immune function. Again, the natural killer cells from the 
peripheral blood of healthy persons and leukemia patients were studied. 
Augmentation of CS on the activity of natural killer cells was confirmed 
and increase in expression of CD 16 in lymphocytes was observed. CS 
might be a possible treatment used as an adjunct therapy in leukemia 
patients (Guan et al., 1992). 
A study in effect of Cordyceps cicadae on the proliferation of human 
mononuclear cells, it was found to have both anti-inflammatory and 
immuno-enhancement effects. The methanol extract of C. cicadae 
ascocarps portion (CC-1-2) enhanced the IL-2, IFN-y production, and 
HMNC proliferation; insect-body (CC-2-1) suppressed the IL-2, IFN-y 
production and HMNC proliferation when the HMNC was activated by 
phytohemagglutinin (PHA). When T cells interacted with antigens or 
mitogens, it would initiate a series of gene expression including IL-2 and 
IFN-Y mRNA. T cells would enter the cell cycle from the resting state to 
express the high affinity receptors of IL-2 and increase the expression of 
IL-2. IL-2 would help the progression of T cell activation to memory cells. 
All these results demonstrated the insect body part might contain 
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anti-inflammatory agents that would release the diseases associated with 
inappropriate prolonged inflammation. For the ascocarps portion to act as 
an immune enhancer, it played a role that was important to against bacteria 
and viral infection. Results also predicted the active compounds found in 
CC-1-2 might be adenosine and related compounds and CC-2-1 might be 
ergosterol and bassiatin (Wang et al., 2002). 
2.2.7 Functipns in nervous system 
Ethanol extracts of Cs-4 was shown with its effects in nervous system. 
Administration of Cs-4 ethanol extracts in rats led to a reduction in 
autonomic movements over 70% when compared to the control group 
(p<0.001). In high dose Cs-4 treatment, significant reduction in body 
temperature was observed (from 37.4°±0.2°C to 35.9°±0.3°C) when 
compared to the placebo control (p< 0.05). The sleeping time was also 
significantly prolonged with the treatment of pentobarbital and Cs-4 by 
15% when compared to the control group (p<0.05) (Wang and Zhao, 1987) 
2.2.8 Controls in glucose metabolism 
A purified polysaccharide isolated from fermented mycelial Cordyceps 
product (CS-F30) exhibited hypoglycemic activity after the administration 
in mice (Kiho et al., 1993). The effect of CS-30 could cause a more 
dramatic reduction in plasma glucose by injection (either intraperitoneal or 
intravenous). Further study demonstrated CS-F30 increased the activity of 
hepatic glucokinase, hexokinase and glucose-6-phosphate dehydrogenase 
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(Kiho et al., 1996). Similarly, experiment had been performed to show the 
hypoglycemic activity in nicotinamide and stretozotocin-induced diabetic 
rats. The fruiting body of Cordyceps could significantly improve the results 
of the oral glucose tolerance test (OGTT) and decrease serum fructosamine 
concentrations in the oral administrated animals. This might imply the oral 
administration of the fruiting body of Cordyceps improved the control of 
blood glucose and attenuated the symptom of polydipsia in diabetic 
animals. Therefore, it might help to improve the glucose uptake or insulin 
resistance in cells. The effectiveness of the fruiting body of Cordyceps was 
proposed to be related to the high fiber content of Cordyceps to delay the 
carbohydrate absorption which is critical to avoid hyperglycemia in 
diabetic patients. It was suggested that Cordyceps could be acted as a 
functional food in diabetic patients (Lo et al , 2004). 
2.2.9 Anti-oxidation activity 
A polysaccharide of a molecular size (-200 kDa) was isolated (CSP-1). It 
was demonstrated to possess a high antioxidation activity in the 
H202-mediated cell death assay. The pre-incubation of rat 
pheochromoctoma (PC 12) cell cultures with CSP-1 could protect the PC 12 
from H2O2 damage. At lOOug/ml, the pre-incubation of CSP-1 helped to 
prevent the death of PC 12，with no change in cell number and cell 
morphology, by 60% while the control (vitamin E) reduced the cell death 
by 8 0%. When H2O2 led to 1 ipid peroxidation and produced intracellular 
malondialdehyde, cells could protective themselves by several 
. anti-oxidants such as reduced glutathione (GSH-x) and superoxide 
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dismutase (SOD). CSP-1 could prevent the decrease of GSH-x and SOD so 
as to inhibit the production of malondialdehyde induced by H2O2. Concerns 
over the exact mechanisms of the anti-lipid metabolism of Cordyceps were 
made. However, the in vivo analysis of CSP-1 was not performed. It could 
not be excluded the possibility that it might not be functional after the oral 
administration (Li et al., 2003). Moreover, the aqueous and ethanol extracts 
of Cordyceps sinesis were reported to have a potent anti-oxidation activity. 
The extracts lowered the SOD activity and hydroxyl radical activity in 
macrophage as demonstrated by a marked inhibitory effect on lipid 
peroxidation in the low density-lipoprotein (LDL) mediated by 
macrophages and accumulation ofcholesteryl ester in macrophages. The 
reduction in the oxidized LDL was critical in the prevention of 
atherosclerosis development (Yamaguchi et al., 2000a). 
Water extract of CS (WECS) was reported to be a favorable candidate as 
an anti-atherosclerotic agent. The oral administration of WECS suppressed 
the cholesterol deposition in the atherosclerotic mice by sc avenging free 
radicals to reduce lipid peroxidation in LDL. It was suggested to have a 
beneficial effect in the process of atherogeneisis and aging (Yamaguchi et 
al., 2000b). Similarly, a new type of Cordyceps of Paecilomyces japonica 
fungus was also related to the effects on free-radical scavenging enzymes, 
lipid peroxidation and immunological functions. Its water and methanol 
extracts were found to increase in rat liver cytosolic catalase, SOD and 
GSH-x activity. All 0f these factors could contribute to the inhibition 0f 
lipid peroxidation (Shin et al, 2001). 
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2.2.10 Anti-tumor activity 
Many studies revealed Cordyceps was useful in providing anti-tumor 
activity. A warm water extract of CS (ECS) could provide anti-tumor 
activity against the murine tumor cell lines. Intraperitoneal injection of 
ECS in mice could increase the survival time of allogeneic mice inoculated 
with Ehrlich ascites carcinoma cells (EAC) by 60 days after implantation 
than the control. Besides, the ESC-treatment could prolong the survival 
time of syngeneic mice inoculated with Meth A fibrosarcoma (Meth A). No 
cytotoxic effect of ECS was found in both models. Therefore, the effect of 
ECS was mediated through its immunomodulating action (Yoshida et al” 
1989). A methanol extract of CS (VGH-CS-ME-82) increased the 
expression of MHC-class II antigen on human hepatoma cells 
(HA22T/VGH) either alone or with IFN-y. It also caused an increase in 
percentage of monoclonal antibody (Mab) L243. An increase in expression 
of MHC-class II antigen would make the immuno-surveillance more 
effective against tumor cells (Chiu et al.，1 998). Another study o f water 
extract of CS (WECS) demonstrated relative wet weights of lung, kidney 
and spleen in mice were increased with Lewis Lung Carcinoma (LLC) and 
B16 melanoma (B16) inoculation, compared to the normal mice. But these 
relative increases in weight were markedly reduced after the administration 
of WECS (lOOmg/kg) in LLC model and WECS (200mg/kg) in B16 model. 
Both LLC and B16 models indicated the anti-metastic activity might not be 
due to the polysaccharides or cordycepin. It was suggested that the 
anti-tumor activity might be related to other active components other than 
cordycepin (Nakamura et al., 1999). The crude methanolic extract of CS 
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fruiting bodies showed its participation in anti-tumor activity in the tumor 
cell line K562，Vero, Wish, Calu-1 and Raji cells. Two fractions from this 
methanolic extract (CS-36-39 and CS-48-51), isolated by silica gel 
chromatography, could inhibit these cell lines. Both fractions also contain 
no cordycepin. Suggestion was made to explain the presence of possible 
low molecular weight components in the two fractions which did not 
consist of cordycepin or polysaccharide. These low molecular components 
might be tumor inhibitors (Kuo et al., 1994). A study of polysaccharide 
fraction from ethanol-precipitable aqueous extraction of CS (PSCS) was 
investigated in the model of monocytic leukemic cell line (U937). It was 
indicated that in the pre-incubation of PSCS activated blood mononuclear 
cells (PSCS-MNC-CM) with anti-TNF-a and anti-IFN-y led to a decline in 
cell growth inhibition. Therefore, it was predicted the synergism between 
TNF-a and IFN-y to suppress the growth of melanoma and carcinoma. 
However, as PSCS alone did not show differentiation-inducing activity, 
PSCS did not possessed direct cytotoxic activity towards cancers but it 
could stimulate the blood mononuclear cells to produce high levels of 
cytokines, TNF-a and IFN-y, to provide the antiproliferative effects to 
U937 (Chen et a l , 1997). Apart from polysaccharides, sterol of CS also 
revealed its effectiveness in providing the anti-tumor activity. A study 
explained two sterols, 5a, 8a-epidioxy-24(R)-methylcholesta-7, 
22-ciien-3p-D-glucopyranoside and 5, 6-epoxy-24(R)-methylcholesta-7, 
22-dien-3 p -ol. The glycosylated form of ergosterol peroxide, 5a, 
8a-epidioxy-24(R)-methylcholesta-7, 22-dien-3 p-D-glucopyranoside, 
was more potent to inhibit the proliferation of K562, Jurkat, WM-1341, 
HI-60 and RPMI-8226 tumor cells than its aglycone， 5， 
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6-epoxy-24(R)-methylcholesta-7, 22-dien-3 P -ol (Bok et al., 1999). 
Experiment also reported the effects of Cordyceps militaris extract (CME) 
could propose an effect on cancer by angiogenesis and metastasis. In vitro 
study showed that CME had anti-proliferative effects on human umbilical 
vein endothelial cell (HUVEC), HT180 and B16-F10 melanoma cells but 
not cytotoxic effects. Moreover, CME inhibited the tube formation of 
endothelial cells which was an important process for angiogenesis 
(angiogenesis was a critical process of formation of new blood vessels, 
tumor growth and metastasis) (Yoo et al., 2004). 
2.3 Active ingredients of Cordyceps and their related biological activities 
2.3.1 Polysaccharides 
Fungal polysaccharides were common from the fruiting body and the 
cultured mycelia of Cordyceps, Ganoderma, Auricularia and Poria, It was 
reported that various activities: anti-tumor activity; immunomodulating 
activity; hypoglycemic activity. Evidence of Cordyceps polysaccharides 
had been reported to be extracted form a hot-water extract and alkaline 
extracts of Cordyceps sinesis mycelia. It was shown to possess 
hypoglycemic activity in the normal and streptozotocin (STZ)-induced 
diabetic mice by lowering the plasma glucose (Kiho et al., 1993). 
A crude polysaccharide prepared from 5% sodium hydroxide extraction 
(CS-OHEP) could reduce the plasma glucose but without affecting the 
plasma insulin level. Similarly, a neutral polysaccharide (CS-F30) 
exhibited hypoglycemic activity. Further analysis reported CS-F30 was 
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consisted of galactose, glucose and mannose and could increase the hepatic 
glucokinase, hexokinase and glucose-6-phosphate dehydrogenase and 
reduce the hepatic glycogen content (Kiho et al, 1996). 
Other polysaccharide derivatives, galactomannans (CI-P and CI-A), 
possessed little anti-tumor activity over sarcoma 180 in mice but still had 
hypoglycemic activity in normal mice. But in an alkaline-soluble 
extracellular glucan (CO-1) of Cordyceps ophioglossoides, CO-1 could 
inhibit the growth of sarcoma 180 solid-type tumor (Ohmori et al., 1988b). 
A protein-bound polysaccharide fraction (SN-C) of Cordyceps 
ophioglossoides was demonstrated in mice. With the intraperitoneal or oral 
administration, SN-C could suppress the growth of sarcoma 180 and 
prolonged the life of the sl80 inoculated mice (Ohmori et al” 1988a). 
2.3.2 Nucleosides 
Adenosine and cordycepin were considered as indices for estimation of 
quality of CS and its substitutes (Zheng et al , 1999). These two 
nucleosides raised a lot of discussion about their biological activities. 
However, there are no clear metabolic pathways of adenosine and 
cordycepin discovered up-to-date. 
2.3.2.1 Adenosine 
Adenosine could act as a hormone associated with various tissue-specific 
biological functions. Intervention of adenosine was observed in ischemia 
and reperfusion acted as a cytoprotective agent. Consistent breakdown of 
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ATP required an increase in adenosine production during ischemia. This 
process caused coronary vasodilation. Moreover, adenosine has 
electrophysiological e ffects in supraventricular tissue, causing a decrease 
in heart rate (Sommerschild and Kirkeboen, 2000). Data had demonstrated 
the involvement of adenosine in adjusting the blood flow with enhanced 
metabolic activity. Adenosine would be released when there was a 
reduction i n o xygen s upply o r i ncrease i n o xygen d emand (Beme et a 1” 
1983). Adenosine was also taken part into the classic phenomenon in heart. 
The ischemia-induced degradation of ATP produced adenosine. Adenosine 
activated the adenosine receptor on the cell surface leading to a cascade of 
intracellular pathways (signal transduction pathways). This included the 
activity of following components: G-proteins, phospholipase C, 
inositol-3-phosphate, diacylglycerol, protein kinase C (PKC), 
ATP-sensitive potassium (KATP) channels and C a^ "^  channels to resist the 
ischemia damage (Reshef et al., 2000). Some studies reported adenosine 
could act as an immunosuppressive agent through cell surface receptors 
(Al, A2a，A2b，A3) T lymphocytes as adenosine acted through A2 receptors 
and associated cAMP/protein kinase A-dependent signaling pathways to 
activate SHP-2 and cause STATS dephosphorylation that resulted in 
reduced EL-2R signaling in T cells (Zhang et al.，2004). 
Apart from its immunosuppressive nature, adenosine being a purine 
nucleoside was present in the extracellular fluid of solid tumor as a result 
'� of tissue hypoxia. In the area of solid tumors, there was a comprised 
vascular supply and high metabolic rate of the proliferating tumor cells. 
This would lead to hypoxia of the tumor area with an increased in glucose 
utilization and lactate release which would in turn cause cellular ATP 
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depletion and oxygen deprivation. With the ATP depletion, increase in 
adenosine production would be resulted (Gullino et al., 1 967; Sauer and 
Dauchy, 1985; Kallinowski et al., 1988). The raised fluid concentration of 
adenosine in the tumors was sufficient to interfere with the anti-tumor 
immune response. Besides, adenosine was failed to inhibit carcinoma cell 
growth under a variety of culture conditions (Mujoomdar et al., 2003). 
Some studies had reported the actions of extracellular adenosine were 
explained by signaling through its receptors which could be divided into 
four subtypes Ai, Aia, A2b and A3. 
Studies on receptor A2A had been performed to demonstrate its effect in 
immunomodulation (Sitlovsky, 2003). In additions, some studies had 
proved the involvement of adenosine and one of its receptor subtypes, A3, 
was capable to inhibit the proliferation of various tumor cells, inchiding 
melanoma. This was deduced the A3 adenosine receptor played a key role 
in the adenosine-induced inhibition of cell proliferation (Fishman et al., 
2000). A potential mechanism which mediated the suppression of the 
melanoma cell growth by A3 adenosine receptor was proposed. Wnt 
signaling pathway was highly active, playing a role in development of 
various tumors (McEwen and Peifer, 2000). In another study IB-MECA, an 
A3 agonist, activated A3 receptor which would decrease the formation of 
cAMP level. This would inhibit the levels of protein kinase A (PKA) and 
protein kinase B (PKB/Akt) that led to reduced level of inactive glycogen 
synthase kinase 3p (GSK-3p). In the presence of active abundant GSK-SP, 
p-catenin could be phosphorylated and degraded rapidly so as to suppress 
the c-myc and cyclin D1 expression in controlling cells proliferation in 
Wnt pathway. The reduced level of c-myc might contribute to the influence 
23 
of telomerase activity and stability for the control of cell proliferation 
(Fisherman et al, 2002). 
2.3.2.2 Cordycepin 
Cordycepin was 3'-deoxyadenosine that exhibited growth-inhibitory 
properties, making it a potential therapeutic agent for cancer and microbial 
infection diseases (Jagger et al , 1967). The triophosphate derivatives were 
also involved in inhibition of synthesis of both and mRNA. Evidence had 
revealed cordycepin could block the transcription and processing of viral 
RNA on RNA tumor viruses and transformed cells (Ting et al., 1975). 
Recent studies had reported cordycepin acted as a polyadenylation 
inhibitor by preventing the addition of the poly (A) tail to the 3'-cleaved 
mRNA (Zeevi et al, 1981; Butler et al., 1990). Again, cordycepin 
5'-triphosphate was added by poly (A) polymerase to the RNA ends and 
blocked further extension because of the lack of a 3'-OH. This 
phenomenon was also observed in Schizosaccharomyces pomhe that 
cordycepin inhibited the growth, mating and sporulation (Naula et al., 
2003). It had been shown that cordycepin could act as an 
immunomodulator which significantly up-regulated IL-10 production and 
IL-10 mRNA expression. IL-10 producing cells included CD4+，CD8+， 
CD 19+，CD56+ and CD 14+ cells. In addition, cordycepin could inhibit 
phytohaemagglutinin-induced IL-2 production and proliferation of 
peripheral blood mononuclear cells. Although it possessed a slight 
cytotoxic effect, it did not exert an increase in apoptosis (Zhou et al., 
2002). 
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The stability of mRNA was suggested to be involved in the induction of 
specific apoptotic pathways. Cordycepin, a polyadenylation inhibitor, was 
used to investigate the involvement of ployadenylation in K562 cells that 
led to apoptosis (Lallas et al., 2004). 
Cordycepin could inhibit the RNA synthesis by substituting a 
ribonucleotide in the RNA polymerase reaction. Cordyepin could be 
inserted to the growing RNA by normal 5,-3’ phosphodiester bond. 
However, the RNA could not be extended as the next 5'-3' bond lacked a 3' 
hydroxyl group. From this process, it would inhibit the RNA synthesis and 
terminate the premature RNA in the nucleolus. Some of the nuclear 
heterogeneous RNA synthesis seemed to be insensitive to cordycepin while 
the others 5S, 4S and polio-virus RNA were sensitive to it. This suggested 
the existence of several distinct RNA polymerases in mammalian cells for 
the synthesis of different RNAs (Penman et al., 1970). 
2.4 Proteomic tools in studies of the change in protein expression 
Genomes of many organisms have been sequenced in recent years. 
However, genomes only determine proteins that show the framework in 
cells within which most of the highly complex intracellular processes take 
place. Extensive studies on mRNA expression h ave been performed and 
quantified. But analysis had shown there was no correlation between 
intracellular mRNA and protein concentrations (Celis et al., 2000). 
Therefore, this implies the importance of proteomics study: to increase the 
chance that differentially expressed genes are identified, that is, to find the 
proteins with significant changes. 
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Various applications of proteomics work are found. Proteomics studies 
help to elucidate the relationships of protein concentrations and the degree 
of post-translational modifications with intracellular signaling pathway 
activities; progression of specific developmental stages; physiological 
stages. Proteins modified post-translationally were monitored and 
investigated by two-dimensional gels due to the shifts in pi and molecular 
weights. These modifications included phosphorylation, oxidation, 
glycosylation, formylation, acetylation, methylation and ubiquitination 
(Han and Martinage, 1992). Examples were found to demonstrate the 
importance of identifying apoptotic tyrosine-phosphorylated proteins in the 
HL-60 cells might provide new targets for treatment of leukemia 
(Navakauskiene et al., 2004). One of the important applications of 
proteomics studies is to identify nuclear proteins. This is critical to 
understand the genome regulation and functions. This could provide 
information about the progression of cells from proliferation to 
differentiation (Turck et al., 2004). In some studies, enzymatic activity in 
mouse liver and application to screen the enzyme inhibitors was studied by 
two-dimensional electrophoresis (Shimazaki et al., 2003). Proteomics work 
was also a tool for discovering and identifying the disease-associated 
biomarkers by comparing the proteome of normal cells with the tumor 
samples. This would help to define the cancer-associated proteins for the 
basis of early detection and diagnosis of cancer progression (Ryu et al , 
2003). For example markers in colon tumor, alteration in isoenzymes o f 
human aldehyde dehydrogenase correlated to hepatocellular carcinoma and 
breast cancer markers. These data would provide the knowledge base for 
identification of therapeutic targets and the development of new strategies 
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against cancers. Since phosphorylation and glycosylation have been shown 
to be essential for the regulation of protein function and intracellular 
signaling pathways, MS can be one of the methods to characterize these 
post-translational modifications due to its high mass accuracy and 
sensitivity. Study of senescence also recruited the methods of 
two-dimensional electrophoresis to highlight the proteins involved in both 
synthetic and degradative pathways. How they involved in modulating the 
whole cell machinery associated with age and its impairment from the 
differential gene expressions and imbalance of functional proteins (Boraldi 
et al., 2003). Moreover, the changes in protein levels in the medical 
research are crucial as those proteins can be potential novel drugs targets. 
2.4.1 Two-dimensional electrophoresis 
Two-dimensional electrophoresis is a powerful technique for separating 
and visualizing a large number of proteins. Thus it can give a general 
picture for the interested proteome. A mixture of proteins is separated on 
the basis of the isoelectric points by ampholyte gradients. Then by 
applying an electric field, the separated proteins are separated according to 
their molecular weights through polyacrylamide gel matrix. With the 
greatest resolving power, thousands of proteins can be separated by one gel. 
Further analysis with improved resolution can be performed by gels with 
narrow pH range. In addition to the increased resolution, the number of 
proteins appeared on the gel will be increased. 
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2.4.2 Mass spectrometry 
With the assistance of mass spectrometry, spots of interest can be identified. 
The basic components of mass spectrometry include ionization sources, 
mass analyzers and ion detectors. By determining the masses of the 
resulting peptides, a mass fingerprint can be obtained. With the reference 
of this map, data can be compared with predicted mass maps of proteins in 
the database. Thus, two-dimensional electrophoresis and mass 
spectrometry will be available for large-scale proteomics work (McDonald 
and Yates, 2000). Although proteomics study is a very powerful 
methodology, several common limitations are found. 
Hydrophobic proteins do not dissolve in the solvents in isoelectric focusing 
as the detergents with limited ability to dissolve membrane proteins. This 
would be critical for clinical research as they are the main targets for 
detection of cancer and drug targeting. This problem happened when 
proteomics is characterized by one-step sample preparation from a crude 
homogenate. It will display the whole body of the expressed proteins under 
the given physiological conditions but this approach may fail to discover 
the gene products that are the major proteins in particular subcellular 
compartments. Fractionation techniques to isolate proteins in distinct 
subcellular compartments may help to get insights of cellular processes and 
the discovery of new gene products (Dreger, 2003). Improvements in 
extraction methods are needed in order to harvest these proteins into 
distinct subcellular fractions (Abdolzade-Bavil et al , 2004). Besides, 
sequential protein solublization may separate the proteins according to 
their hydrohobicity using available protein extraction kits (Sigmaa, Biorad). 
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In addition, resolution of proteins in the whole cell proteome is usually low 
in trial. For the low abundance proteins, it is not easy for them to be 
detected. Possibly, it could be resolved by increasing the amount of sample 
load. A mixture of proteins in one spot is a common problem. By 
increasing the resolution of the gel by a series of narrow and overlapping 
isoelectric ranges, resulting in a serial zooming of protein profile, the 
protein of interest could be achieved. Moreover, increasing the protein 
detection is important as it also helps to improve the capacity of 
two-dimensional electrophoresis. Gels can be stained by silver staining 
because it can offer a detection limit lower to 1 ng. However, this kind of 
staining is easily hampered by its nonstoichiomtric reactivity, therefore, 
other techniques employing the fluorescent dyes have been developed. 
Finally, detection of post-translational modification and low quantity of 
protein identification require equipment of high sensitivity. There are 
improved intrinsic sensitivity mass spectrometers like MALDI Qq ToF and 
LC-MS/MS. 
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3. Materials and methods 
3.1 Cell lines and culture conditions 
The following cell lines (i) a human hepatocellular carcinoma cell line (HepG2), (ii) 
a human angiomyolipoma cell line (SVTtert), (iii) a human foreskin fibroblast (Hs68) 
were used in the studies. All cell lines are adhesive cells. HepG2 cells were grown in 
RPMI 1640 (Invitrogen Life Technologies, Burlington, ON) supplemented with 
2.67% (v/v) sodium bicarbonate (Invitrogen Life Technologies, Burlington, ON), 
10% (v/v) fetal bovine serum (FBS; Invitrogen Life Technologies, Burlington, ON) 
and 0.1% penicillin (lOOU/ml) (Invitrogen Life Technologies, Burlington, ON). 
SVTtert and Hs68 were grown in DMEM (Invitrogen Life Technologies, Burlington, 
ON) supplemented with 4.93% (v/v) sodium bicarbonate (Invitrogen Life 
Technologies, Burlington, ON), 10% (v/v) FBS (Invitrogen Life Technologies, 
Burlington, ON) and penicillin (lOOU/ml) (Invitrogen Life Technologies, Burlington, 
ON). All cell lines were purchased from American Type Culture Collection (ATCC) 
and were maintained in humidified atmosphere with 5% CO2 at 37°C. 
3.2 Trypan blue exclusion method 
The trypan blue exclusion method can measure cell viability. Upon cell death, cells 
will lose their membrane integrity which can be visualized by staining. Viable cells 
can exclude from the dye. Viable cell counts were performed at each passage staining 
by negatively stained with 20 mg/ml trypan blue dye (Sigma) so as to maintain cells 
grown at exponential phase throughout the experiments. (Baatout et al., 2004). 
30 
3.3 Cell counting 
When cells were grown to confluence, cells were washed with phosphate buffer 
saline (IxPBS) (Invitrogen Life Technologies, Burlington, ON) free of magnesium 
and calcium. The PBS was decanted and cells detached with 0.05% trypsin-EDTA 
(Invitrogen Life Technologies, Burlington, ON). The trypsin-EDTA was then 
neutralized with FBS. The cell pellet was obtained by centrifugation (1000 x g, 5 min) 
and resuspended in 5 ml of medium to make a single cell suspension. Equal volume 
of cell suspension was mixed with trypan blue dye. Viable cell density was counted 
by trypan blue dye in a haemocytometer with 0.02 mm depth (Petroff Hausser 
counter). Cells density was calculated using the following equation: 
Cell density (cells/ml) = cell number in the counting chamber x 50 x 1000 x 1/2 
3.4 Anti-proliferation assay 
Similar procedures were performed as mentioned in cell counting section. When cells 
were grown to confluence, cells were washed with PBS (Invitrogen Life 
Technologies, Burlington, ON). Cells were then detached with 0.05 % trypsin-EDTA 
(Invitrogen Life Technologies, Burlington, ON). The cell pellet was obtained by 
centrifugation (1000 x g, 5 min) and resuspended in 5 ml of medium to make a single 
cell suspension. Viable cells density was counted by trypan blue dye in a 
haemocytometer as mentioned and then diluted with medium to obtain the optimal 
plating density (IxloVwell). The corresponding cell suspensions (100 ul/well) were 
seeded in 96-well microtiter plates (IWAKI) and incubated at 37�C culture chamber 
to allow cell attachment. Adenosine and cordycepin were dissolved in the medium 
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directly. After 24 h cells were treated with adenosine and cordycepin (Sigma). Cells 
received the treatment with the following concentrations: 5, 25, 100，200, 400，1000， 
1500 ug/ml and 1, 10, 75, 100’ 150，200’ 400 ug/ml respectively. Each concentration 
was added to the plates in five replicates. Control wells were the corresponding cells 
added with medium but without adenosine and cordycepin. The plates were 
incubated for 24, 48 or 72 h accordingly. At the end of each incubation period, the 
medium was removed and the wells were added with 30 ul 3-(4, 
5-Dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT; Sigma) dissolved 
in IxPBS at 5mg/mL. The plates were incubated at 37°C for 2h. After 2 hours, MTT 
solution was removed and the plates were centrifuged with 2000rpm for 10 min to 
remove any residual MTT solution. Viable cells would be stained as blue precipitant. 
The color was developed and eluted with lOOul dimethyl sulfoxide (DMSO; Sigma). 
The plate contents were mixed briefly and absorbance were taken at 570nm with a 
microplate spectrophotomemter (SpectraMax 250, Molecular Devices). (Varvaresou 
et a l , 2004) 
3.5 Anti-proliferation assay of normal cell line 
The cytotoxic effects of the testing samples (adenosine and cordycepin) were also 
evaluated by MTT assay. Normal foreskin cell lines were used as a control to 
determine whether the testing samples (adenosine and cordycepin) exerted any 
cytotoxic effects on normal human cells. 
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3.6 Determination of IC50 
Percentage of inhibition was calculated as follows: 
Average absorbance of cells with medium treated with adenosine or cordycepin 
X1 uu 
Average absorbance of cells with medium only 
The background absorbance as blank control was subtracted. The percentage of cells 
in each well of the only culture medium was decided as 100%. 
IC50 acts as a parameter for the measures of the effective concentrations at which 
50% of cell density were inhibited after treating with the testing samples (adenosine 
and cordycepin). (Varvaresou et al , 2004). 
3.7 Sample preparation for proteins studies 
Larger scale preparation of each of the cell culture was done according to the 
conditions of the anti-proliferation assay. Cells were then trypsinized, collected and 
rinsed twice with IxPBS. The corresponding cell suspension was transferred to 1.5ml 
Eppendorf tubes and centrifuged at 10000 rpm for 5min. The pellet was resuspended 
in lysis solution containing 8 M urea, 4% (w/v) CHAPS, 2% pharmalyte 3-10 and 
ImM PMSF to inhibit the protease activity. The pellet was then vortex to ensure 
complete dissolution. The suspensions were centrifuged at 10000 rpm for 5 min and 
the supernatant was collected and transferred to the 1.5 ml Eppendorf tube. For each 
sample in the eppendorf tubes, equal volume of 10% (v/v) TCA was added to the 
supernatant and then acetone was added to the total suspension by the volume ratio 
of one to ten. Protein was precipitated at -80°C for 2 h. The suspension was 
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centrifuged at 14000 rpm for 5 min. All supematants were discarded and protein 
pellets were then washed with pre-cooled acetone three times. Rehydration stock 
solution containing 8 M urea, 2% (w/v) CHAPS, 0.002% (w/v) bromophenol blue 
was added to theprote inpel le ts for resuspension. Each protein concentration was 
measured using PlusOne 2-D Quant Kit (Amersham Biosciences, Uppsala, Sweden). 
Every stock solution was stored at -80�C before use. 0.5% pharmalyte 3-10 and 60 
mM DTT were added to the stock solution only prior to use. 
3.8 Protein quantitation 
Protein quantitations were performed for every sample. A standard curve was 
prepared for every quantitation. Fig. 2.1 showed the preparation of the standard curve 
using the 2mg/ml bovine serum albumin (BSA) standard solution. Tube 1 was the 
assay blank, which contains no protein. Samples in duplicates (1-50 ul) were 
prepared in tubes. The samples should be within the range of 0.5-50ug so as to 
ensure the sample falls within the assay range. Precipitant (500 ul) was added to each 
tube，including the standard curve tubes. The tubes were vortex briefly and incubated 
at room temperature for 2-3 min. Working color reagent was prepared by mixing 100 
parts of color reagent A with 1 part of color reagent B. Co-precipitant (500 ul) was 
added to each tube and then mixed by inversion. The tubes were centrifuged at 
lOOOOx g for 5 min. A small pellet of protein was visible. The supemantant was 
descant rapidly in order to avoid resuspension. The tubes were repositioned with the 
cap-hinge with the pellet facing outward. The tubes were centrifuged briefly again to 
bring any remaining fluid to the bottom of the tubes. The remaining supernatant 
should be completely removed. The tubes were then added with 100 ul copper 
solution and 400 ul of distilled water. The precipitated protein should be totally 
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Tube Number 1 2 3 4 5 6 
Volume of 2 mg/ml 
BSA standard Oul 5 ul 10 ul 15 ul 20 ul 25 ul 
solution 











0 ~t 1 1 1 ！ 1— 1 
0 10 20 30 40 50 60 
ug of BSA 
Fig. 2.1 preparation of standard curve in calculating protein concentration 
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dissolved. The working reagent (1 ml) was added to each tube. The tubes were mixed 
by inversion and incubated at room temperature for 15-20 min. Both standards and 
the samples were read at the absorbance at 480 nm using water as a reference. A 
standard curve was plotted with the absorbance of the standards against the quantity 
of protein. Protein concentration of the samples could be determined from the 
standard curve. 
3.9 Gel electrophoresis 
lEF was performed using Ettan IPGphor isoelectric focusing system (Amersham 
Biosciences, Uppsala, Sweden) according to the manufacturer's instructions. All 
samples were normalized by PlusOne 2-D Quant Kit (Amersham Biosciences, 
Uppsala, Sweden) to 50 ug using rehydration solution and brought up to a volume of 
125 ul to the Immoboline DryStrip gels (7 cm, nonlinear pH 3-10) for rehydration 
overnight. The first dimension (lEF) was performed at 5000 Vhr (Navakauskiene et 
al., 2004). 
Before the second dimension, strips were equilibrated in the SDS equilibration buffer 
containing 50 mM Tris-HCl, pH 8.8, 6M urea，30% (v/v) glycerol, 2% (w/v) SDS 
and 0.002% bromophenol blue, 1% (w/v) DTT was added prior to use. The strips 
were equilibrated for 15 min and then washed with Milli-Q water (Millipore, 
Bedford, Massachusetts) briefly. The strips were then placed into the 12% separating 
gels and 4% stacking gels with 1mm gel thickness. The IPG wells of each gel were 
covered with 200 ul agarose sealing solution with SDS electrophoresis buffer 
containing 25 mM Tris-base, 192 mM glycine, 0.1% (w/v) SDS; 0.5% agarose and 
0.002% (w/v) bromophenol blue. The agarose sealing solution was allowed to 
36 
solidify. The gels were placed into electrophoresis systems (Invitrogen XCell 
Surelock mini-vertical electrophoresis systems, two gels per unit) with the SDS 
electrophoresis buffer as mentioned above. The system was then run with 160V for 
2h. After the second dimension run, the gels were washed in Milli-Q water (Millipore, 
Bedford, Massachusetts) and stained with 50 ml of Coomassie staining solution 
(45% methanol, 10% acetic acid, 0.15% Coomassie Brilliant Blue R250 powder) for 
20 min. The gels were then destained for 1 h using 50 ml destaining solution (45% 
methanol, 10% acetic acid) (Decker et al., 2003). 
3.10 Image analysis 
After staining and destaining, the gel images were scanned under visible light at 300 
pixel using ImageScanner (Amersham Biosciences, Uppsala, Sweden). All 
informatics analysis was performed using ImageMaster 2D Platinum 5.0 (Amersham 
Biosciences, Uppsala, Sewden). Spots were detected automatically. Manual spot 
editing and deleting was performed if necessary. The landmarks were selected 
throughout the studied area for alignment and matching of the spots. A reference gel 
was chosen in each experiment. Samples were studied in duplicates, each 
corresponding to a different class of samples. Given a set of 2-DE images, heuristic 
clustering analysis was performed automatically to generate classes and highlight the 
significant differences between these classes. These differences could be from 
individual spots or whole protein pattern (Vuadens et al., 2003). 
3.11 In gel digestion and MALDI-ToF MS 
Spots of interest were e xcised after image analysis. The spots after transferring to 
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1.5ml Eppendorf tubes were destained, dehydrated with ACN and then dried 
completely using a SpeedVac (LABCONCO). The protein spots were rehydrated in 
30 ul of 50 mM ammonium bicarbonate containing 40ng/ul Sequencing Grade 
modified trypsin (Promega, Madison, WI). The samples were incubated overnight at 
37°C. The tryptic peptides were subsequently extracted from gels as follows. 
Ammonium bicarbonate (50 mM) was added to the tubes and sonicated for 10 min. 
Any extraneous solution remaining after sonication was transferred to a new tube. 
The gels were washed two times with 5% TFA in ACN (1:1) and sonicated for 10 
min. ACN was added for the last extraction and sonicated for another 10 min. The 
digestion and extraction solutions were then combined and evaporated by a 
SpeedVac (LABCONCO). The peptides were redissolved in 10 ul 0.1%TFA, 
concentrated and desalted by using the Millipore uC18 ZipTips (Millipore, Bedford, 
Massachusetts) (Shimazaki et al” 2003) before mixing with the matrix 
(x-cyano-4-hydroxycinnamic acid). Mass spectrometry was performed by using the 
Ettan z 2 Laser (337 nm) and harmonic reflectron mode; positive-ion-reflectron mode 
at 20kV with calibration: peptide-samples (Angiotensin III，ACTH) and internal 
standard (trypsin autodigestion fragments). For each spectrum, 200 single shots were 
accumulated. A series of peptide masses would be generated from the composite 
spectrum. Proteins were identified by searching the monoisotopic masses against the 
database of Homosapien (NCBI) with the implemented software Ettan MALDI-ToF 
Pro Evaluation Module V2.0 (Amersham Biosciences, Uppsala, Sewden). The mass 
tolerance of 200 ppm was set in all searches. Oxidation of methionines was taken 
into account for the modification. The expectation value was smaller than 0.1 with 
the sequence coverage larger than 10% and the number of matched peptides not less 
than 5. 
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3.12 Statistical Analysis 
Data was presented as mean 土 SD using one -way analysis of variance (ANOVA) 
with Microsoft Excel made statistical analyses. Difference with p<0.05 (Zar, 1999) 
were considered statistical significant. Multiple comparisons between means were 
done with t-Turkey test using the SPSS software. 
3.13 Chemicals 
Adenosine and cordycepin are the two main active ingredients of Cordyceps. 
Adenosine (A4036) is cell culture tested and is appropriate for the use in cell culture 
applications. Cordycepin (C3394) is the adenosine analog. Both adenosine and 
cordycepin standard were purchased from Sigma (St Louis, MO) for testing the 
anti-tumor activities and the changes in protein expressions in cell lines (Fig 2.2). 
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Fig. 2.2 Structures of (a) adenosine and (b) cordycepin (3’ deoxyadenosine) (adopted 
from Zheng et al.，1997) 
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4. Results: 
4.1 MTT assay 
4.1.1 The anti-proliferating activity of adenosine against cancer cell lines 
(HepG2 and SVTtert) and normal cell line (Hs68) 
The anti-proliferation effect of adenosine on the cancer cell line (HepG2 
and SVTtert) and the normal cell (Hs68) was shown (Fig 3.1.2). The data 
indicated that adenosine exhibited an anti-proliferating activity in a 
dose-dependent manner. It inhibited the growth of HepG2 and SVTtert for 
200 ug/ml concentration at the exposure time 72 h. The percentage of 
inhibitions of HepG2 and SVTtert were 38.6% and 37.4% respectively. It 
could inhibit the growth of HepG2 and SVTtert only to 54.9% and 65.4% 
respectively for 1000 ug/ml concentration at the exposure time 72 h. 
However, it showed no cytotoxic activity against the normal cells (Hs68) 
(Fig.3.1.4). 
The results of IC50 values revealed adenosine was effective only at high 
concentrations for HepG2 and SVTtert (IC50 values 610ug/ml and 
610ug/ml respectively) but none could be displayed in Hs68 as no 
cytotoxic effect was found. The IC50 of adenosine were high for HepG2 
and SVTtert (Fig. 3.1.1). 
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4.1.2 The anti-proliferating activity of cordycepin against cancer cell lines 
(HepG2 and SVTtert) and normal cell line (Hs68) 
The anti-proliferation effect of cordycepin on the cancer cell line (HepG2 
and SVTtert) and the normal cell (Hs68) was shown (Fig 3.1.3). The data 
indicated that cordycepin exhibited an anti-proliferating activity in a 
dose-dependent manner. It inhibited the growth of HepG2 and SVTtert 
effectively for lOOug/ml concentration at the exposure time 72hr. The 
percentage of inhibitions o fHepG2 and S VTtert were 6 5.1% and 5 4.1 % 
respectively (Fig. 3.1.5). Inhibition in normal cells (Hs68) was found but in 
a much lower extent. The percentage of inhibition was 45.4%. 
The results of IC50 revealed cordycepin was effective even at low 
concentrations in HepG2 and SVTtert (IC50 values 61.1 ug/ml and 
85.7ug/ml respectively) but also exhibited an inhibitory effect on Hs68 
(IC50 value 127.9ug/ml) at a much higher concentration. Even though 
cordycepin could exhibit an anti-proliferation effect towards normal cells 
(Hs68), the concentration was about two-fold higher than those of the 
cancer cells (HepG2 and SVTtert) (Table 3.1.1). 
4.1.3 The anti-proliferation effects of adenosine and cordycepin 
Results of MTT assays indicated both adenosine and cordycepin could 
inhibit the growth of cancer cell lines in a dose-dependent manner. 
Significant inhibitions could be observed at low concentrations (Fig. 3.1.2 
and 3.1.3) with p<0.01. However, the effectiveness of anti-proliferating > 
activity in adenosine was low as the IC50 found in cancer cells were high, 
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at about 610 ug/ml. Cordycepin was more effective in inhibiting the 
growth of cancers. The IC50 for both cancer cells were low, 61.1 ug/ml for 
HepG2 and 85.7 ug/ml for SVTtert. It was most effective in controlling the 
proliferation of HepG2. 
Referring to the IC50 of adenosine and cordycepin in the corresponding cell 
lines (Table 3.1.1)，both adenosine and corydcepin could exhibit 
anti-proliferations towards cancer cells but less so with normal cells. 
Adenosine did not inhibit the growth of Hs68 at different concentrations. 
Cordycepin showed its anti-proliferating effect to Hs68 but in a much 
higher concentration. It was about two-fold higher than that of the cancer 
cells (Fig. 3.1.1). 
Anti-proliferating activity of adenosine and cordycepin was similar at the 
exposure time 48 h and 72 h. The IC50 of adenosine towards HepG2 at 
exposure time 48 h was 572 ug/ml and at exposure time 72hr was 610 
ug/ml. The IC50 of cordycepin towards HepG2 at exposure time 48hr was 
58.8 ug/ml and at exposure time 72 h was 61.1 ug/ml (Table 3.1.1). 
Therefore, the respective IC50 of each cell lines at the exposure time 48hr 
were chosen as the treatment values in further studies, that is, studies in the 
change of protein expression, before and after the treatment with adenosine 
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Fig. 3.1.1 The IC50 of active ingredients (adenosine and cordycepin) of Cordyceps at 
72hr on different cell lines (HepG2, SVTtert and Hs68). 
The effects were expressed as IC50 (ug/ml) 士 SEM 
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Fig. 3.1.2 Effects of adenosine of Cordyceps on (a) HepG2, (b) SVTtert and (c) Hs68 
The effects of adenosine were evaluated by MTT assay after 72hr. The results were expressed in 
percentage of inhibition. * showed the significant inhibition p< 0.01 
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Fig. 3.1.3 Effects of cordycepin of Cordyceps on (a) HepG2, (b) SVTtert and (c) Hs68 
The effects of cordycepin were evaluated by MTT assay after 72hr. The results were expressed in 








































































































































































































































































































































































4.2 Changes in protein expression 
4.2.1 Corresponding drug treatment of cell lines (HepG2, SVTtert and 
Hs68) 
Cell lines (HepG2 and SVTtert) were treated with adenosine and 
cordycepin standard at the concentrations of their corresponding IC50 from 
the M T T assay. Table 3.1.1 represented the results of the IC50 of HepG2 
and SVTtert in the respective adenosine and cordycepin treatments. Cells 
under normal and treatment (with adenosine or cordycepin) conditions 
were collected. 3 groups of HepG2 under different conditions were 
compared: HepG2-no treatment; HepG2-adenosine (IC50： 610 ug/ml); 
HepG2-cordycepin (IC50: 59 ug/ml). And 3 groups of SVTtert under 
different conditions were compared: SV7tert-no treatment; 
SVTtert-adenosine (IC50： 610 ug/ml); SV7tert-cordycepin (IC50： 89 ug/ml). 
Normal cell line (Hs68) acted as a control to determine any cytotoxic 
effects or side effects of adenosine and cordycepin standards. IC50 of 
adenosine and cordycepin of HepG2 and SVTtert were investigated. 4 
groups ofHs68 under different conditions were c ollected and compared: 
Hs68-no treatment; Hs68-adenosine (IC50 of HepG2 and SVTtert were the 
same: 610 ug/ml); Hs68-cordycepin (IC50 of HepG2: 59 ug/ml); 
Hs68-cordycep: IC50 of SVTtert: 89 ug/ml). 
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4.2.2 Comparison of protein profiles from cells (HepG2, SVTtert or 
Hs68) under the normal and drug treated (with either adenosine or 
cordycepin) conditions 
Protein expression differences in cells under normal and treatment (with 
either adenosine or cordycepin) conditions were studied by proteomic 
analysis. Experimental variability was reduced by analyzing duplicate 
gels from the same group. Proteins (50 ug) per sample were used in the 
analysis. The proteins were separated by 7cm gels with pH in the range 
7-10 (nonlinear) and the molecular masses of 6-200 kDa. Gels were 
compared with each other by using the Melaine 3.0 software programme. 
Cells under normal condition were chosen as the reference gel. The 
reference gel was marked with numbers. These numbers represented the 
identified spots (proteins or isoforms) by MALDI-ToF MS. Significant 
changes in protein expression corresponded to at least two-fold variations 
between normal and the treatment conditions (Fig. 3.2.5, 3.2.10 and 
3.2.16). 
4.2.2.1 HepG2 study 
Fig.3.2.1, 3.2.2 and 3.2.3 reprensented three typical gel images of HepG2 
under normal, adenosine and cordycepin treatment conditions. The total 
number of spots detected in the reference gel was approximately 28. 
Among them, 20 spots were found to match among the 3 gels. Fig. 3.2.5 
showed the relative spot volume of the matched spots. There were 5 spots 
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that shown with significant changes in protein expressions. HepG2 cells 
with adenosine treatment led to 1 spot (proteins or isoforms) up-regulated 
when compared to the reference gel. With cordycepin treatment，4 spots 
(proteins or isoforms) were down-regulated when compared with the 
reference gel. 
4.2.2.2 SVTtert study 
Fig. 3.2.6, 3.2.7 and 3.2.8 display three representative gel images of 
SVTtert under normal, adenosine and corycepin treatment conditions. The 
total number of spots detected in the reference gel was approximately 26. 
All of the spots were found matched among 3 gels. Fig 3.2.10 showed the 
relative spot volume of the matched spots. There were 9 spots shown with 
significant c hanges in protein expressions. SVTtert cells with cordycepin 
treatment, 4 spots (proteins or isoforms) were up-regulated and 5 spots 
(proteins or isoforms) were down-regulated c ompared with the reference 
gel. 
4.2.2.3 Hs68 study 
Fig. 3.2.11，3.2.12，3.2.13 and 3.2.14 display three representative gel 
images of Hs68 under normal, adenosine and cordycepin treatment 
conditions. The total number of spots detected in the reference gel was 
approximately 2 0. Among them, 1 6 spots were found m atched among 4 
gels. Fig 3.2.16 showed the relative spot volume of the matched spots. 
Only 1 spot was shown with significant changes in protein expressions. 
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Hs68 cells with cordycepin treatment, 1 spot (proteins or isoforms) were 
down-regulated compared with the reference gel. 
4.2.3 Protein identification 
The spots of interest from Coomassie Brilliant-stained gels were excised 
and subjected to a series of treatment for in-gel tryptic digestion. The 
extracted peptides were analyzed by MALDI-ToF M S with their 
corresponding mass fingerprints. The data were submitted directly to the 
Profound (http://prowl.rockefeller.edu/cgi-bin/ProFounci). Isoforms with an 
identical primary structure in the protein matching were classified as a 
protein. Table 3.2.1, 3.2.3 and 3.2.5 list the information of the identified 
proteins: the spot ID analyzed by the Melaine 3.0 software, the protein 
identity, sequence coverage (%)，the estimated isoelectric points (p/s) and 
molecular weights (Mw), E-value and the number of matched peptides. 
The proteins were categorized into a variety of functions: cell defense 
and tolerance, cell growth and division, metabolic reactions, protein 
synthesis and folding; membrane protein and transport. 
4.2.3.1 HepG2 cell line 
Twenty proteins identified in HepG2 reference gel were classified as: cell 
defense and tolerance: heat shock 70kDa protein 9B, heat shock 60kDa 
protein 1 (chaperonin), chaperonin lO-related protein, ER protein29 
precursor, immunoglobulin heavy chain variable region; metabolism: 
aldehyde dehydrogenase, CTP phosphocholine cytidylytransferase, 
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enoyl-coenzyme A hydratase, prolyl 4-hydroxylase, trimethyllysine 
hydroxylase; protein synthesis and folding: Bi-P protein, protein disulfide 
isomerase, carboxypeptidase E; membrane protein and transport: ATP 
synthase, dehydrogenase/reductase SDR family member 2, 
electron-transfer-flavoprotein, calumenin, nucleophosmin; cell growth and 
division: cytokeratin 8 and prohibitin (Fig 3.2.4,Table 3.2.7). 
4.2.3.2 HepG2-changes in protein expressions after adenosine 
treatment 
Within these proteins, 1 protein (trimethyllysine hydroxylase) was 
down-regulated (Table 3.2.2). 
4.2.3.3 HepG2-changes in protein expressions after cordycepin 
treatment 
1 protein (carboxypeptidase E) was up-regulated. 3 proteins (calumenin, 
electron-transfer-flavoprotein (3 polypeptide and trimethyllysine 
hydroxylase) were down-regulated (Table 3.2.2). An example of 
down-regulated calumenin was shown in Fig. 3.2.17. 
4.2.3.4 SV7tert cell line 
Twenty-six proteins were identified and 2 of proteins were tubulin, 2 were 
actin and 2 were vimentin, 2 were enolase-1. 
Proteins identified in SVTtert reference gel were classified as cell defense 
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and tolerance: heat shock 70kDa protein 9B，heat shock 70kDa 8 isoform, 
heat shock 60kDa protein 1 (chaperonin), glucose regulated protein 58kDa, 
T A N K binding kinase-1，peroxiredoxin 1; cell growth and division: 
p-tubulin, vimentin, actin, spectrin, similar to ret finger protein, 
heterogeneous nuclear ribonucleoprotein Al; metabolism: aldolase A, 
glyceraldehyde-3-phosphate dehydrogenase, triosephosphate isomerase, 
enolase-1, prolyl 4-hydroxylase; protein synthesis and folding: BiP protein, 
chain A, cyclophilin A complexed with cyclosporin A; membrane protein 
and transport: calumenin，nucleophosmin, bystin (Fig 3.2.9，Table 3.2.8). 
4.2.3.5 SVTtert-changes in protein expressions after cordycepin 
treatment 
4 proteins (BiP, heat shock 70kDA protein 9B precursor, heat shock 60 kDa 
protein 1 (chaperone), prolyl 4-hydroxylase) were up-regulated. 5 proteins 
(aldolase A, T A N K binding kinase-1, heterogeneous nuclear 
ribonucleoprotein Al, glyceraldehyde-3-phosphate dehydrogenase, p 
2-tubulin) were down-regulated (Table 3.2.4). Examples of down-regulated 
proteins (TANK binding kinase-1 and hnRNAl) were shown in Fig. 3.2.18. 
4.2.3.6 Hs68 cell line 
Of the 20 identified proteins, 2 proteins had the same identity (vimentin). 
Proteins that were identified in Hs68 reference gel were classified as cell 
defense and tolerance: heat shock 70 kDa protein 9B，heat shock 70 kDa 8 
isoform, heat shock 60kDa protein 1 (chaperonin), mitogen-and 
55 
stress-activated protein, caspase-1 precursor; cell growth and division: 
P-tubulin, vimentin, p-actin; metabolism: aldolase A, 
glyceraldehyde-3-phosphate dehydrogenase, prolyl 4-hydoxylase, 
triosephosphate isomerase; protein folding and synthesis: BiP, chain A, 
cyclophilin A complexed with cyclosporin A, chain A, cyclophilin B 
complexed with cyclosporin B; membrane protein and transport: 
calumenin, calreticulin precursor; neuron associated developmental 
regulated protein: nadrin; muscle related protein: P-galactoside soluble 
lectin (Fig3.2.15, Table 3.2.9). 
4.2.3.7 Hs68-changes in protein expressions after cordycepin treatment 
One protein (triosephophate isomerase) was decreased in expression 
(Tables.2.6). An example of down-regulated triosephophate isomerase was 
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Fig. 3.2.5 Expression level of the identified proteins in HepG2. X-axis: individual 
gels; Y-axis: %vol. Each group of sample was anaylzed on duplicate gels to get an 
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Fig. 3.2.10 Expression level of the identified proteins in SVTtert. X-axis: individual 
gels; Y-axis: %vol. Each group of sample was anaylzed on duplicate gels to get an 
average (ab: no drug treatment; cd: adenosine treatment; ef: cordycepin treatment). 
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Fig. 3.2.10 (cont) Expression level of the identified proteins in SVTtert. X-axis: 
individual gels; Y-axis: %vol. Each group of sample was anaylzed on duplicate gels 
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Fig. 3.2.16 Expression level of the identified proteins in Hs68. X-axis: individual gels; 
Y-axis: %vol. Each group of sample was anaylzed on duplicate gels to get an average 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5.1 anti-proliferation assays: 
Aqueous and alcohol extracts of Cordyceps sinensis (Berk) Succ. were 
used as a traditional medicine in China for treatment of a wide range of 
diseases and were reported to have antioxidant and antiapoptotic properties 
(Buenz et al., 2004). Recently, Cordyceps of various species were reported 
to have anti-tumor activities with no cytotoxic effects. Cordyceps militaris 
extract (CME) has shown an antiangiogenetic activity towards melanoma 
cells in mice (Yoo et al., 2004) and water extracts of Cordyceps sinensis 
indicated no toxic effects on the growth rate, liver or kidney weights of the 
mice (Yamaguchi et al., 2000). The two active ingredients o f Cordyceps 
identified from Chinese Pharmacology, adenosine and cordycepin, had 
long been reported to be associated with the anti-tumor effects of 
Cordyceps. 
From the results of M T T assay, adenosine could inhibit the growth of 
cancer cells in a dose-dependent manner. Its effectiveness in controlling the 
proliferation was not so obvious. 
In additions, cordycepin had been shown to inhibit various tumors 
(Penman et al, 1970; Adamson et al, 1977; Glazer et al, 1978; Muller et 
al., 1 977). Our results further confirmed that cordycepin was one of the 
active ingredients of Cordyceps to induce the anti-proliferating activity to 
cancers. The mechanism of inhibition had been deduced to be linked with 
the R N A synthesis mediated by R N A polymerases (Izuta et al., 1996). 
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5.2 changes in protein expression: 
Genomes of many organisms have been sequenced in recent years. 
However, genomes only determine proteins that show the framework in 
cells within which most of the highly complex intracellular processes take 
place. Extensive studies on m R N A expression h ave been performed and 
quantified. But analysis had shown there was no correlation between 
intracellular m R N A and protein concentrations (Cells et al, 2000). 
Therefore, this implies the importance of proteomics study: to increase the 
chance that differentially expressed genes are identified, that is, to find the 
proteins with significant changes. 
Comprehensive data analysis and understanding of biological systems 
requires the generation of quantitative data sets comprising characteristics 
of various proteins in order to enable multiple comparisons and meaningful 
data interpretation. Therefore, a whole cell proteome was chosen as a study 
model in these cancer cells and normal c ells so as to g enerate a g eneral 
picture before more detail study to be performed. Changes in the protein 
expressions within the same cell line were investigated as protein 
alterations always implicated the importance of the protein involvement in 
various cellular events: signaling pathways; progression of specific 
developmental stages; physiological stages. 
Changes in protein expression can be observed in the results section. The 
two nucleoside treatments could lead to a decrease in protein amount due 
to the toxicity related to inhibitory pathway; an increase in of respective 
protein as detoxification enzyme; depending on the secondary regulation of 
the respective protein, it could be either went up or down (Thome-Kromer 
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et al , 2003). The proteins with significant changes in expressions were 
described in each cell line. 
5.2.1 Protein alterations in HepG2 
For HepG2, there were four proteins (carboxypeptidase E; electron transfer 
flavoprotein P polypeptides; trimethyllysine hydroxylase; calumenin) 
found with significant changes. 
5.2.1.1 Changes in protein expression (membrane protein and 
transport: Trimethyllysine hydroxylase) 
Trimethyllysine hydroxylase 
Trimethyllysine hydroxylase (TMLH) hydroxylates trimethyllysine in the 
carnitine biosynthetic pathway (McGarry and Brown, 1997). Carnitine was 
critical in transporting the activated fatty acids across the inner 
mitochondrial membrane into the matrix for |3-oxidation to take place 
(Bieber, 1987; McGarry and Brown, 1997). Besides, carnitine was also 
involved in the transport of products from P-oxidation to mitochondria for 
oxidation to CO2 and H2O in the Krebs cycle (Jakobs et al.，1995; 
Verhoeven et al., 1998). Down regulation of trimethyllysine hydroxylase 
might be related to the decrease in metabolism of cancer cell after treating 
with cordycepin. 
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5.2.1.2 Changes in protein expression (protein synthesis and folding: 
carboxypeptidase E) 
Carboxypeptidase E (CPE) 
Carboxypeptidase E (CPE) is a member of the metallocarboxypeptidase 
gene family which is involved in various functions like regulatory and 
digestive activities. Peptide hormones and neuropeptides were synthesized 
as propeptides that undergo a series of modifications before they were 
released as active peptides (Steiner, 1998). The main function of CPE was 
to process the bioactive peptides by trimming the C-terminal of the 
majority of peptide hormones and neuropeptides which are responsible for 
the control of nutrient partition and energy balance (Flicker and Leiter, 
1999; Flicker, 1988; Flicker, 1991). 
Recent studies have confirmed the role of CPE in the development of 
obesity and diabetes. A point mutation in CPE gene or the absence of 
functional CPE in p-granules resulted in reduced activity of CPE enzyme 
led to an incomplete conversion of proinsulin to fully mature, active insulin, 
leading to hyperproinsulinemia. Experimental study showed that mice with 
point mutation of CPE developed obesity, diabetes and 
hyperproinsulinaemia (Naggeit et al, 1995). 
It seemed that increased expression of CPE, after treating with cordycepin, 
might help to regulate the production of peptide hormones and 
neuropeptides production. More importantly, Cordyceps had been long 
stated with the function of controlling blood glucose level. 
Over-expression in CPE of HepG2 after cordycepin treatment might ensure 
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the normal production control over insulin. 
5.2.1.3 Changes in protein expression (membrane proteins and 
transport: calumenin and electrontransfer flavoproteins) 
calumenin 
Ca is involved in many cellular functions: muscle contraction, 
neurotransmitter release, exocytosis and apoptosis (Carafoli, 1987). 
Calumenin was one of the Ca^ "^  binding proteins, which were located in ER 
(Meldolesi and Pozzan, 1998) and its specific functional roles remained 
unknown (Honore and Vorum, 2000). However, its secreted property was 
recently reported (Vorum et al., 1999). 
Recent evidence had shown the down regulation of calumenin in the 
proteome of the head and neck squamous cell carcinoma (derived from a 
mestastic lymph node) (HNSCClOB) compared to its expression in the 
proteome of the same cell carcinoma (derived from a primary tumor) 
(HNSCClOA). This might imply the association of calumenin in the 
invasion and matastisis in the metastatic head and neck cancer (Wu et al., 
2002). Moreover, a study had demonstrated its association with the serum 
amyloid P component (SAP), one of the pentraxin family members, which 
was responsible for the protection of the D N A from degradation induced 
by apoptosis or necrosis in the immunological defense system (Steel and 
Whitehead, 1994; Honore and Vorum, 2000). A decrease in expression 
after cordycepin treatment might be linked to the weakening of the cancer 
cells to carry out cellular functions and defense system. 
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electrontransfer flavoproteins 
Electron transfer flavoproteins (ETF) were heterodimeric, FAD-containing 
proteins that transfer electrons between primary dehydrogenases and 
respiratory chains. In mammals, ETFs transferred the electrons from 
mitochondral dehydrogenases to the main respiratory chain via the 
ETF-ubiquinone oxidoreductase (ETE-QO) (Colombo et al, 1994). 
ETF deficiency was demonstrated in a severe metabolic disorder, glutaric 
acidemic type II (Loehr et al., 1990; Freneaux et al., 1992). This result 
might indicate the down regulation of ETF would lead to metabolic 
disorder and decrease in energy production of the cancer cell. 
5.2.2 Protein alterations in SVTtert 
For SVTtert, there were eight proteins (BiP(GRP78); Chaperonin (Hsp60); 
prolyl 4-hydroxylase; aldolase A; TANK binding kinase-1; HnRNP Al; 
glyceraldehyde-3-phosphate dehydrogenase; P2 tubulin) found with 
significant changes. 
5.2.2.1 Changes in protein expression (protein synthesis and folding: 
BiP(GRP78)) 
BiP(GRP78) 
78 kDa glucose-regulated protein/immunoglobulin-binding protein 
(GRP78/BiP) was ahighly conserved member 0f the 70 kDa heat shock 
protein family (Lee, 1999; 2001) and a member of GRP gene family 
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(Kozutsumi et al, 1998; Domer et al., Lee, 1992). BiP had been identified 
as a ubiquitous luminal resident protein of the endoplasmic reticulum (ER) 
during last decade (Bold et al., 1986; Munro and Pelham, 1986; Lee, 1987). 
It played a key role in the assistance of newly synthesized proteins for 
folding and acquisition of their correct tertiary and quaternary structure. 
Direct binding of BiP to the growing chains needs a stimulation of its 
ATPase activity (Hartl, 1996; Brewer, 1997; Gaut and Hendershot, 1993; 
Bonifacino and Lippincott-Schwartz, 1991). However, when it failed to 
reach this citeria, misfolded proteins remained complex with BiP (and to 
other chaperones) (Brewer et al., 1997; Otsu et al., 1995) will be degraded 
by nonlysosomal proteolytic processes (Brewer et al, 1997; Bonifacino et 
al, 1991; Otsu et al., 1995; Werner et al, 1996). This evidence 
demonstrated that BiP plays a critical role in quality control processes 
during protein synthesis and folding (Lee, 1 999; 2 001). In addition to its 
chaperone function, BiP could also participate in the intralumenal storage 
of Ca2+ and adjustments of the cellular Ca^ "^  homeostasis (Lievremont et al, 
1997). 
Besides, transcription of the GRP gene family was induced upon stress 
conditions w hich r esulted in the a ccumulation ofu nfolded protein in the 
ER. Therefore, this gene family member might provide a protective 
mechanism to accommodate the presence of unfolded proteins (Li et al., 
1992; Li and Lee, 1991). These functions would probably explain the 
fluctuation in BiP might involve the protective mechanism against stress 
(Miskovic and Heikkila, 1999). Study had also deduced BiP to be highly 
induced in progressively growing tumors and exerted a protective role 
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against lysis by cytotoxic T cells and tumor necrosis factor in vitro (Jamora 
et al, 1996). 
Up-regulation of this protein expression might indicate, in certain extent, 
SVTtert are protected against the stress conditions (adenosine treatment). 
5.2.2.2 Changes in protein expression (cell defense and tolerance: 
Hsp60 (chaperonin); TANK binding kinase-l) 
Hsp60 (chaperonin) 
Hsp60 belonged to a class of protein regarded as chaperonins (Cechetto et 
al., 2000). It was involved in the correct folding and assembly of 
polypeptides in the mitochondrial matrix (Cheng et al., 1989; Ostermann et 
al., 1989; Martin, 1997). Together with other heat shock proteins 
(HSP90-kDa, HSP70-kDa and small HSPs), they protect cells against 
various stress conditions (Ellis et al., 1989). 
Recently, mitochondria were shown to play a role in apoptosis by releasing 
cytochrome c and activation of caspases. Experimental results indicated the 
participation of Hsp60 in the induction of apoptosis by acting as chaperone 
to pro-caspase-3 in which aided the maturation of pro-caspase-3 to 
caspase-3 (Samali et al., 1999; Xanthoudakis et al, 1999) and its role in 
facilitating the apoptosis (Huang et al, 2002) and autoimmunity against 
tumoral cells in endocrine-differentiated tumors (Pignatelli et al., 2003). 
Hsp60 level was increased after cordycepin treatment. This might be 
possible for the Hsp60 related to the control of apoptosis in the stressful 
condition. 
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TANK binding kinase-1 
Traf family member-associated NF-Kp activator (TANK) 
(tankyase)-binding kinase 1 (TBKl) was one of the components involved 
in the activation of the Toll-like receptor family in the innate immune 
system to against infectious microbial pathogens (Janeway and Medzhitov, 
2002). 
In response to the activation of the innate immune system, induction of 
IFN-p gene or some of the IFN-induced genes was required for the 
coordination activation of several transcription factors, including ERF 
3(Kurt-Jones et al., 2000; Hoebe et al., 2003; Lund et al” 2003; Vaidya and 
Cheng, 2003). ERF 3 belonged to a one of the IFN regulatory factors family 
members. Phosphorylation of IRF 3 required TBKl in human cell line in 
culture (Fitzgerald et al, 2003; Sharma et al., 2003). Thus, TBKl was a 
critical mediator of innate immune system (McWhirter et al., 2004). 
Interestingly, the dramatic decrease in the TBKl level to an undetectable 
level reported that there might be a strong effect induced by cordycepin in 
weakening the cell defense from the immune system against various 
infections. 
5.2.2.3 Changes in protein expression (metabolism: prolyl 




The collagen prolyl 4-hydroxylases (P4Hs) were a group of enzymes 
residing within the endoplasmic reticulum, having a central role in the 
biosynthesis of collagens (Johanna, 2003)，maintaining the structure of 
various tissues and regulating tissue remodeling during growth, 
differentiation, morphogenesis (Myllyhaiju and Kivirikko, 2004). Its role 
in participating anti-oxidation and detoxification had been mentioned. An 
increase in expression of P4H may indicate the cells are undergoing 
differentiation and detoxification process in order to eliminate the adverse 
condition. 
aldolase A 
Aldolase in an enzyme involved in glycolytic pathway. It can cleave 
fructose-1, 6-diphosphate into two trioses: dihydroxyacetone phosphate 
and glyceraldehydes-3-phosphate. Aldolase A is one of the aldolase 
isoforms, which mainly expresses in developmentally embryos and also the 
lymophocytes (Steinhagen-Thiessen and Hilz, 1979). The increase in 
glycolytic activities explained the additional requirement for energy and 
anabolic intermediates during cell proliferation (Wang et al., 1980). 
Experimental study also reported aldolase deficiency could lead to a defect 
in hemolytic anemia in animals since red blood cells depended on 
glycolysis for energy supply (Takasaki et al, 1987; al-Bayati et al., 1990). 
Study ofrapamycin (RAPA) resulted in the decrease in aldolase expression 
exerted an inhibitory effect on lymphocytes proliferation. Since the RAPA 
suppressed the expression of aldolase, activated cells were prevented to 
have protein and D N A synthesis (Wang et al., 1996). The significant 
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decrease in aldolase after SV7tert treated with cordycepin may be 
associated with this study. 
glyceraldehyde-3-phosphate dehydrogenase 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) had been 
considered as a house keeping protein involved in the glycolysis (Sirover, 
1999). G A P D H catalyzed the conversion of glyceraldehyde-3-phosphate to 
1，3-bisphosphoglycerate in the glycolytic pathway. It could convert NAD+ 
to N A D H (Tatton et al, 2000). 
Recent studies demonstrated mammalian G A P D H has diverse activities 
other than providing glycolytic function. These included membrane, 
cytoplasmic and nuclear functions in endocytosis, m R N A regulation, tRNA 
export, D N A replication and D N A repair (Meyer-Siegler et al, 1992; 
Mansur et al., 1993; Gong et al, 1996). 
Structural association with cell membrane and its function to act as a 
tubulin binding protein were identified (Ercolani et al., 1992; Kumagai and 
Sakai, 1983; Durrieu et al., 1987; Muronetz et al, 1994). These results 
demonstrated G A P D H active role in endocytosis. Experimental results also 
suggested the perinuclear localization of G A P D H in actively proliferating 
human cells (Schultz et al., 1996) and is regarded as m R N A binding 
protein (Nagy and Rigby, 1995; Schultz et al., 1996; De et al, 1996). 
Various studies also revealed a variety of GAPDH/ R N A interactions 
(Sirover, 1997). 
Down regulation of G A P D H implies the certain extent of malfunction in 
endocytosis and m R N A regulation and synthesis after cordycepin 
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treatment. 
5.2.2.4 Changes in protein expression (cell growth and division: pn 
tubulin; HnRNP Al) 
pii-tubulin 
Tubulin was one of the structural subunit of microtubules, consisting of a 
heterodimer of two polypeptides, x and P (Bryan and Wilson, 1971; 
Luduena et al, 1977). Previous studies report one of its isotype, Pn tubulin, 
which was normally thought to be present in only cytoplasm, present in the 
nuclei of a prostate tumor (Ranganathan et al., 1997), a breast tumor 
(Walss et al., 2000) and rat kidney mesangial cells which belong to a 
non-transformed cell line (Walss et al” 1999). These results indicate that Pn 
tubulin presents in the nuclear of the cells in cancer state (Roach et al” 
1998). Apart form nucleolus, tubulin had been reported for its interaction 
with chromatin (Mithieux et al, 1986) at which the D N A regions 
containing ribosomal R N A genes where it could function as a 
chromosomal scaffold (He et al., 1995). 
An anti-tubulin drug, Estramustine, had been shown to bind with high 
affinity to tubulin rich in Pn isotype. It had been proved to cause mitotic 
arrest and cell death (Hartley-Asp, 1984; Tsukidate, 1993). Another 
anti-tumor drug taxol, induced cell apoptosis, depleted nuclear Pn tubulin 
(Jordan et al, 1993). A down regulation of Pn-tubulin after cordycepin 
treatment might further confirm the correlation between cells. 
100 
HnRNP Al 
Heterogeneous nuclear ribonucleoprotein Al was a nuclear protein, which 
played a critical role in pre-mRNA alternative splicing in nucleus (Fu et al., 
1993; Mayeda and Krainer, 1992; Caceres et al., 1994). It also interacted 
with poly(A)+ R N A in the cytoplasm that implied its role in m R N A export 
from nucleus ( Pinol-Roma and Dreyfuss, 1992) and helped to increase the 
stability of m R N A by antagonizing the binding of the m R N A degradative 
factors (Hamilton et al, 1993). Studies have reported the decrease in 
expression of HnRNP Al in senescent human fibroblasts (Hubbard et al., 
1995) and senescent human adrenal cortical cells (Emonds and Hubbard, 
unpublished communications) but increasely expressed in proliferative 
intestinal epithelial cells and pancreatic tumor cells (Yan-Snders et al, 
2002; Turck et al, 2004). These observations might provide a correlation 
between HnRNP Al and active proliferating cells. A down regulation of 
HnRNP Al might be linked to this correlation. 
5.2.3 Protein alterations in Hs68 
In Hs68, there was only one protein (Triosephosphate isomerse 1) found 
with significant changes. 
5.2.3.1 Changes in protein expression (metabolism: triosephosphate 
isomerse 1) 
Triosephophate isomerase 1 
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Triosephophate isomerase (TPIS) was a homodimeric enzyme catalyzing 
the interconversion of D-glyceraldehyde-3-phosphate and 
dihydroxyacetone phosphate. It is involved in glycolysis, gluconeogenesis 
and triglyceride synthesis (Lu et al, 1984). Mutations in human TPIS had 
been shown to lead to deficiencies in TPIS in chronic haemolytic anaemia 
and Various neurodegeneration disorders (Schuster and Holzhutter, 1 995; 
Heinrich et al., 1997; Martinov et al, 2000). Proteomic analysis 
demonstrated its elevated expression, of lung adenocarcinoma compared to 
normal lung tissue, might be related to the increase in both requirements of 
energy and protein synthetic and degradative pathways (Chen et al., 2002). 




6.1 The antiproliferating activities of adenoine and cordycepin 
The two quality markers, adensoine and cordycepin, seem to induce the 
anti-proliferating activities demonstrated in the results. These two nucleosides raised 
a lot of discussion about their biological activities. However, there are no clear 
biosynthetic and metabolic pathways discovered up-to-date. 
Recently researches illustrated the involvement of the Wingless type (Wnt) signaling 
pathway played an active role in controlling the development of various tumors 
(McEwen and Peifer, 2000). This pathway certained the critical role of the presence 
and the activation of adenosine receptor, A3 receptor, in controlling the cancer cell 
proliferation in the Wnt signaling pathway by suppressing the c-myc and cyclin D1 
expression for their suppression could perturb the activity and the stability of 
telomerases (Fisherman et al., 2002). This strong evidence may probably explain the 
possibility of the participation of adenosine by exerting its role in anti-proliferating 
function to cancers. 
Another nucleoside, cordycepin or 3 '-deoxyadenosine, had been reported to act as a 
polyadenylation inhibitor by preventing the addition of poly (A) tail to the cleaved 
m R N A (Zeevi et al., 1981; Bulter et al, 1990). The action of cordycepin was likely 
to reduce the expression of m R N A in order to inhibit the R N A synthesis and 
terminate the premature R N A in the nucleolus. However, some of the hetergenous 
R N A synthesis was insensitive to cordycepin. This might imply a possibility the 
existence of several distinct R N A polymerases. And the nuclear hetergenous R N A 
and m R N A were synthesized separately (Penman et al, 1970). The action of the 
cordycepin might not totally contribute to the inhibition of polyadenylation as some 
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of the heterogeneous R N A synthesis was insensitive to its action. Therefore further 
studies were performed in order to investigate the anti-proliferating activites of 
cordycepin. The results also illustrated the action of cordycepin was probably 
different between cancer cells (HepG2 and SVTtert) and the normal cells (Hs68). In 
addition, the studies in the proteome level of the cancer cells (HepG2 and SVTtert) 
and the normal cells (Hs68) might probably help to elucidate the action of 
cordycepin other than acting as a polyadenylation inhibitor. 
6.2 Effects of adenosine and cordycepin on the changes in protein expressions in 
HepG2, SVTtert and Hs68 
In summary, adenosine could lead to the down regulations of trimethyllysine 
hydroxylase and triosephosphate isomerase. Both of them were involved in the 
energy metabolic pathways. This implied adenosine could lead to a decrease in 
energy metabolism in cancer cells after treatment. 
Cordycepin could lead to various changes in the cancer cells. It could decrease the 
metabolism of the cells with the evidence of the decrease in expressions of 
trimthyllysine hydroxylase and electron transfer flavoprotein (in the carnitine 
biosynthetic pathway and (3-oxidation pathway); the decrease in expressions of 
aldolase A and glyceraldehyde-3-phosphate dehydrogenase (in the gylcolytic 
pathway). Moreover, cordycepin could weaken the cell defense system of the cancer 
cells which were observed from the down-regulation of calumenin and the TANK 
binding kinase 1. Cordycepin could inhibit the growth of cancer cells by its direct 
inhibitions of heterogeneous nuclear ribonucleoprotein Al and Pn tubulin. However, 
cordycepin had induced the expressions of the stress proteins which were crucial for 
protecting the cells against apoptosis in the stressful conditions. 
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6.3 Problems and improvements in two-dimensional electrophoresis 
In the result of two-dimensional gel electrophoresis, multiple spots in same proteins 
could be observed. These multiple spots might appear due to several reasons. 
Firstly, post-translational modification was always found to cause multiple spots. The 
most common ones are methylation and phosphorylation. Others included sulfation, 
palmytoilation, famesylation and P-methylthiolation. M S analysis could help to 
confirm these modifications. 
The dimeric and monomeric forms of protein on the same gel could lead to this 
situation. The apparent mass of a dimer would be two times the mass of the 
corresponding monomer. 
Chemical modifications of proteins always appeared during sample preparation. This 
is because in the preparation treatment, appropriate precautions are taken to avoid 
protein damage such as adding urea. This could lead to chemical modification of 
proteins in multiple spots formation. 
Certain products of proteolytic degradation of proteins could be found in the spots on 
2D gel with a relatively low molecular mass than the predicted mass. These 
proteolytic fragments might not generate enough peptides to be identified by MS. 
Of course, different isoforms of proteins could be derived from the different genes of 
mutigene family (Porubleva et al., 2001). 
Although proteomics analysis is a powerful tool, various limitations are found within 
this field of study and improvements are needed. As mentioned above, the solubility 
problems of hydrophobic proteins are needed to be solved as they are the main 
targets for detection of cancer and drug targeting. Suggestions were made by method 
of sequential protein solublization that may separate the proteins according to their 
hydrophobicity using available protein extraction kits. For the low abundance 
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proteins, the simplest way to deal with it is to increase the amount of sample loading. 
A mixture of proteins in one spot is a common problem. By using a series of narrow 
and overlapping isoelectric ranges, resulting a serial zooming of protein profile, the 
protein of interest could be achieved. Increasing the protein detection helps to 
improve the capacity of two-dimensional electrophoresis. Different staining methods 
can be chosen to reach the requirement. For the highest sensitivity, silver staining 
would be the best as the lowest detection limit is down to 1 ng. Detection of 
post-translational modification and low quantity of protein identification require 
equipment of high sensitivity. There are improved intrinsic sensitivity mass 
spectrometers like MALDI Qq ToF and LC-MS/MS to increase the accuracy of 
protein identification. 
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7. Conclusion and future prospectives: 
Cordyceps have long been claimed to exhibit anti-tumor proliferating effects with 
nucleosides and polysaccharides. In this study, the anti-proliferating activites of 
adenosine and cordycepin were demonstrated in the cancer cell 1 ines (HepG2 and 
SVTtert) and the normal fibroblast (Hs68). Evidence from other researchers had also 
reported the possibilities of the anti-proliferating activites exerted by adenosine 
through adenosine A3 recepotor in the Wnt signaling pathway and the 
anti-proliferating activities exerted by cordycepin other than acting as a 
polyadenylation inhibitor. These informative studies enabled the further investigation 
of their actions in the proteome level in the HepG2, SVTtert and Hs68 in order to 
obtain more information in the molecular basis of the cancer cell proliferations. The 
quantitative comparisons of HepG2，SVTtert and Hs68 within their own cells through 
the treatments of adenosine and cordycepin might be useful for discovering the 
proteins or even the protein clusters involved in the pathways in controlling the 
growth of cancers. 
Since the pathways involved in controlling the cancer cell proliferations were highly 
complicated, there might involve a lot of proteins that would be difficult for analysis. 
Therefore the proteins that take part in the signaling pathways would probably be the 
right candidates. These proteins usually present with low abundance as they can 
amplify the signals in the signaling cascades. Thus, increasing the sensitivity of the 
detection methods in two-dimensional gel electrophoresis would be helpful such as 
applying silver staining in the visualization of the gels instead of using Coomassie 
blue staining. Apart from increasing the sensitivity of the detection methods, 
increasing the protein sample loading to the maximum level could simply increase 
the amount of proteins detection. Gels with narrow range pi values could also help to 
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resolve the mixtures of proteins in one protein spot. These would also increase the 
chance of getting the right proteins. Moreover, proteins in the signaling pathways in 
controlling cell growth and division should be existed in the nucleus. Fractionation 
techniques to isolate proteins in distinct subcellular compartments may help to get 
insights of cellular processes and discover of new gene products (Dreger, 2003). 
Improvements in extraction methods are thus aided to harvest these proteins into 
distinct subcellular fractions (Abdolzade-Bavil et al., 2004). 
Hopefully, proteins or certain protein clusters in controlling the proliferations of 
cancer cells will be discovered by a more detail and in depth investigation within 
these corresponding cell lines. This would probably help for the correlative 
development of treatments or drugs to fight against cancers. 
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